INTRODUCTION
Measles is still one of the leading causes of child mortality. The measles forecasting is essential in planning the fight against the disease and reducing the risk of the vaccine stocks expiration.
Governments and health institutions estimate the measles vaccine requirements using certain equations, which are generally based on the size of the target population and the past consumption records. There are several studies that have examined the measles forecasting and conducted a vaccine requirement assessment using tools, such as the Statistical Analysis System (1), the World Health Organization (WHO) Measles Programmatic Risk Assessment Tool (2-7), Statistical Package for the Social Sciences (8) , nonlinear forecasting and chaos (9) , and Markov Chain Monte Carlo methods (10) .
Measles cases in the European Union (EU)/European Economic Area principally occur in unvaccinated populations, affecting both adults and children (11) . The European Centre for Disease Prevention and Control annual report shows that as many as 80% of teenagers and young adults who contracted measles in 2017 had not been vaccinated (11, 12) .
MATERIAL and METHODS
According to the WHO Measles and Rubella Surveillance Data showing the distribution of measles cases by country and by month between January 2011 and March 2018 (Table 1) , there were a total of 1,353,222 measles cases worldwide, as reported by the member countries (13) . The WHO indicates that many cases are not reported. For the same period, a total of 86.246 measles cases ( This study uses a forecasting model in MATLAB (MathWorks Inc., USA) (14) that employs an adaptive neuro-fuzzy inference system (ANFIS) based on clustering that was applied to the EU measles cases. Fuzzy clustering is a data-clustering technique wherein each data point belongs for a cluster to some degree that is specified by a membership grade. ANFIS uses a hybrid learning algorithm to tune the parameters of a Sugeno-type fuzzy inference system. The algorithm uses a combination of the least-squares and back-propagation gradient descent methods to model a training dataset. ANFIS also validates the models using a checking dataset to test for overfitting of the training data.
Out of the total 87 monthly EU measles cases (Table 3) , 67 (80%) were used for training, and 17 (20%) of them were chosen for testing. In this study, the mean square error (MSE), root mean square error (RMSE), normalized root mean square error (NRMSE), mean absolute error (MAE), and mean absolute percentage error (MAPE) were calculated using the following equations, which are the indexes of forecasting accuracy: Region  ISO3  Country  Year  1  2  3  4  5  6  7  8  9  10  11  12   EUR  AUT  Austria  2011  13  11  10  19  34  61  41  7  4  1  12  6   EUR  AUT  Austria  2012  6  8  5  2  3  4  2  2  1  2  0  0   EUR  AUT  Austria  2013  4  8  8  13  10  4  2  4  7  8  2  9   EUR  AUT  Austria  2014  32  13  6  4  12  16  4  0  0  4  11  17   EUR  AUT  Austria  2015  33  29  49  65  69  40  9  2  0  0  3  1   EUR  AUT  Austria  2016  0  0  0  2  1  2  9  1  5  3 
whereY i is an actual value, P i is the forecasted value of the i-th data obtained, and N is the number of data. In our forecasting model, we assumed the relationship as (6) where y(k) are the measles cases by k-th month, y(k-1) is the measles cases by (k-1)-th month, y(k-2) is the measles cases by (k-2)-th month, and y(k-3) is the measles cases by (k-3)-th month.
Since this study was based on merely a statistical dataset freely available online (13), we did not use any human materials. So, an ethic committee approval and informed consent were not necessary. This study was performed in accordance with the principles of the Declaration of Helsinki.
RESULTS
The study was aimed at predicting the number of measles cases expected in the following month given the data for previous three months. The data cover all measles cases in the EU area between January 2011 and March 2018 by month. The data collected for March 2018 are not complete, but we included them because they were listed.
The client data were subjected to the subtractive clustering procedure using MATLAB. The algorithm was repeated for the cluster radii 0.1 through 0.9, while keeping the accept ratio, reject ratio, and squash factor constant at 0.5, 0.15, and 1.25, respectively. The training and testing of the FIS with the radius 0.2 at 600 epochs resulted in the lowest training error of 282.261 and testing error of 503.821. The ANFIS graphical outputs show the training points in Figure 1 and testing points in Figure 2 .
The input membership functions obtained from the subtractive clustering using MATLAB are of the Gaussian type. Each input space shown in Figure 3 generalizes the input data submitted to the ANFIS training.
The model is constructed with five clusters, hence five rules as shown in Figure 4 . The model structure has three inputs, each made of five Gaussian membership functions. The five rules determined as a result of the training of the network. The first order Sugeno-type reasoning was conducted on the forth layer where the firing strengths were obtained.
The crisp output was received on the 6th layer after the aggregation process. Figure 5 shows the crisp input data and the crisp The surface plot is a three-dimensional graphics tool in MAT-LAB that shows the shape of the FIS with three-dimensional plots at a time. A particular instance of the three consecutive months is shown in Figure 6 . A general idea can be obtained from the surface plot by observing the shape of the relationship between the given parameters.
DISCUSSION
Measles cases are considered to be epidemiologically linked, confirmed by laboratory findings and clinical cases as reported to the WHO. Some countries report measles cases at irregular intervals, providing multiple months of data in a single month period, and missing future months are reported as no cases; hence, they are expected to be updated as data becomes available (11) .
In this study, a forecasting model was created using ANFIS to predict the number of future measles cases in the EU area. Such a work was particularly required to control the vaccine stocks and organize an effective distribution through the member countries. The model created for this purpose demonstrated that the predictions made for the data collected between January 2011 and March 2018 were successful. 
